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Brightness induction refers to a class of visual illusions where the perceived intensity of a region of space
is inﬂuenced by the luminance of surrounding regions. These illusions are signiﬁcant because they pro-
vide insight into the neural organization and processing strategies employed by the visual system. The
nature of these processing strategies, however, has long been debated. Here we investigate the spatial
characteristics of grating induction as a function of the distance from the inducing ﬁeld edge to evaluate
the viability of various competing models. In particular multiscale spatial ﬁltering models and homoge-
neous ﬁlling-in models make very different predictions in regard to the magnitude of induction as a func-
tion of this distance. Filling-in explanations predict that the brightness/lightness of the ﬁlled-in region
will be homogeneous, whereas multiscale ﬁltering predicts a fall-off in induction magnitude with dis-
tance from the inducing ﬁeld edge. Induction magnitude was measured using a narrow probe version
of the quadrature-phase motion-cancellation paradigm (Blakeslee & McCourt, 2011) and a point-by-point
brightness matching paradigm (Blakeslee & McCourt, 1997, 1999; McCourt, 1994). Both techniques
reveal a decrease in the magnitude of induction with increasing distance from the inducing edge. A
homogeneous ﬁlling-in mechanism cannot explain the induced structure in the test ﬁelds of these stim-
uli. The results argue strongly against ﬁlling-in mechanisms as well as against any mechanism that posits
that induction is homogeneous. The structure of the induction is, however, well accounted for by the mul-
tiscale ﬁltering (ODOG) model of Blakeslee and McCourt (1999). These results support models of bright-
ness/lightness, such as ﬁltering models, which preserve these gradients of induction.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
Brightness/lightness induction effects refer to a class of visual
illusions in which the perceived intensity of a region is modulated
by the luminance of surrounding regions. These illusions are of
interest because of the information they reveal regarding process-
ing strategies within the visual system. The exact nature of these
processing strategies, however, has long been debated and remains
contentious. Kingdom (2011) provides a recent and comprehensive
review of models of brightness and lightness perception and sum-
marizes some of the controversies surrounding them. Most rele-
vant to the current study is the debate regarding the mechanism
responsible for simultaneous brightness/lightness contrast (simul-
taneous contrast) and its many variants. Simultaneous contrast is
an effect in which a gray patch on a dark background looks bright-
er/lighter than an equivalent gray patch on a light background.ll rights reserved.
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. Blakeslee), mark.mccourt@Mach (1865, in Ratliff (1965)) and Hering (1874; 1964) advocated
a ‘‘low-level’’ account of simultaneous contrast based on reciprocal
interactions between elements in the visual system. This view was
later represented by early models of lateral inhibitory interactions
such as those performed by the center-surround receptive
ﬁelds of cells in the retina and LGN of cats and primates (for re-
views see: Fiorentini, 2003; Fiorentini et al., 1990; Heinemann,
1972; Jameson & Hurvich, 1989; Kingdom, 1997, 2003, 2011;
Kingdom & Moulden, 1988) and is today represented by multiscale
ﬁltering models such as the ODOG model (Blakeslee & McCourt,
1999; Robinson, Hammond, & de Sa, 2007), as well as by
models relying on ﬁlling-in (Grossberg & Todorovic, 1988; Rossi
& Paradiso, 2003; Rudd, 2010). Filling-in models differ from multi-
scale ﬁlter models, like the ODOG model, in that the brightness/
lightness of the test patch or surface is determined by information
extracted by relatively high-frequency ﬁlters (small receptive
ﬁelds) at the edges of the patch or at multiple edges within the
stimulus (Rudd, 2010). This information is then thought to be ac-
tively ﬁlled-in (isomorphic theory) or assigned (symbolic theory)
to the entire enclosed area (Cornsweet & Teller, 1965; Fiorentini
et al., 1990; Gerrits & Vendrik, 1970; Grossberg, 2003; Grossberg
& Hong, 2006; Grossberg & Todorovic, 1988; Kingdom, 2011;
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1996; Paradiso & Nakayama, 1991; Rossi & Paradiso, 1996, 2003;
Rudd, 2010; Rudd & Zemach, 2004). Helmholtz (1866; 1962), on
the other hand, emphasized the importance of ‘‘unconscious infer-
ence’’ in producing the simultaneous contrast effect. According to
Helmholtz the test patch on the white background is interpreted
to be under more intense illumination than the test patch on the
black background. However, since the two gray test patches reﬂect
the same amount of light the visual system ‘‘unconsciously infers’’
that the more highly illuminated test patch must possess a lower
reﬂectance, thereby resulting in its perception as lower in bright-
ness/lightness. This ‘‘higher-level’’ account is revisited in current
models based on a variety of factors such as mid-level junction
analysis (Adelson, 2000), Gestalt grouping (Gilchrist, 2006), and
perceptual inferences about depth, shape, illumination, reﬂectance,
and transparency (Adelson, 2000; Anderson & Winawer, 2008;
Bressan, 2006; Gilchrist, 2006; Gilchrist et al., 1999; Logvinenko
& Ross, 2005). Helmholtz’s ideas are also closely echoed by propo-
nents of the ‘‘empirical’’ approach that replaces the idea of ‘‘uncon-
scious inference’’ with the idea that percepts arise in proportion to
their respective frequencies of occurrence in the past experiences
of both the species and the individual observer (Purves et al.,
2004).
In grating induction a sinusoidal inducing grating produces a
large-magnitude spatial brightness/lightness variation (i.e., a sinu-
soidal grating) in an extended homogeneous test ﬁeld (Fig. 1).
Grating induction (McCourt, 1982) has been shown to be closely
related, if not identical in all but the stimulus used to produce it,
to the classical simultaneous contrast effect (Blakeslee & McCourt,
1997). Blakeslee and McCourt (1997) examined point-by-point
matching proﬁles for a series of stimuli in which test ﬁeld width
transitioned smoothly from the two test patch conﬁguration of
simultaneous contrast to the single elongated test ﬁeld of the grat-
ing induction conﬁguration. These matching proﬁles revealed that
horizontal induced structure was present in the test ﬁelds of all of
these stimuli (i.e., none of the test ﬁelds appeared homogeneous)
and that both the structure and magnitude of induction were
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Fig. 1. Schematic illustrating the size and position of the probe (red lines) relative
to the grating induction stimulus when the probe was positioned near the center or
edge of a 3 test ﬁeld. The thickness of the red lines illustrates the probe grating
height (0.2).difference-of-Gaussians (DOG) ﬁltering model. Using this same
matching technique, Blakeslee and McCourt (1999) later showed
that induction was not homogeneous in the test ﬁelds of White
stimuli as well. The addition of orientation selectivity and response
normalization to the DOG model, creating the oriented DOG
(ODOG) model, extended the model to account for anisotropic ef-
fects such as the White effect.
That induction in the test ﬁelds of these stimuli is not homoge-
neous is of theoretical importance because of the difﬁculty of
explaining this fact using currently popular (non-ﬁltering based)
models of brightness/lightness perception. Only the ODOG model
and other closely related models relying on spatial ﬁltering
(Blakeslee & McCourt, 1999; Robinson, Hammond, & de Sa, 2007)
can explain these induced brightness/lightness gradients. Other
older brightness/lightness effects commonly acknowledged to pos-
sess gradient structure and posing the same difﬁculty for non-ﬁlter
based models (but see Geier & Hudak, 2011) include Mach bands
(Mach, 1865; in Ratliff, 1965), the Chevreul illusion (Chevreul,
1861; Geier & Hudak, 2011), the Hermann grid illusion (Hermann,
1870; Spillmann, 1994), and linear gradient induction (Blakeslee &
McCourt, 2005; Kingdom, 1999; Moulden & Kingdom, 1991;
Shapley & Reid, 1985).
Here we investigate the spatial characteristics of grating induc-
tion as a function of the distance from the inducing ﬁeld edge in an
effort to further evaluate the viability of the various competing
models. In particular multiscale spatial ﬁltering models such as
the ODOG and related models (Blakeslee & McCourt, 1997, 1999;
Robinson et al., 2007) and ﬁlling-in models (Grossberg & Todoro-
vic, 1988; Komatsu, 2006; Rossi & Paradiso, 2003) make very dif-
ferent predictions in regard to the magnitude of induction as a
function of this distance. Filling-in explanations predict that the
brightness/lightness of the ﬁlled-in region will be homogeneous,
whereas multiscale ﬁltering predicts a fall-off of induction magni-
tude with distance from the inducing ﬁeld edge. A narrow probe
version of the quadrature-phase motion-cancellation paradigm
(Blakeslee & McCourt, 2011) and a point-by-point brightness
matching paradigm (Blakeslee & McCourt, 1997, 1999; McCourt,
1994) are used to measure the magnitude of induction.2. Materials and methods
The authors (BXB and MEM) and six naïve observers (MMM,
LML, AMZ, JJW, APH, KXM) participated in the experiments. All
observers possessed normal or corrected-to-normal vision. Each
participant provided informed consent and the experimental pro-
tocol was approved by the NDSU Institutional Review Board.
Stimuli were presented on a 2200 Mitsubishi DiamondPro (model
2070) CRT display at a frame refresh rate of 140 Hz. Stimuli were
generated and presented using MATLAB routines to control a Cam-
bridge Research Systems ViSaGe system (14-bit intensity resolu-
tion per channel). Gamma linearization was accomplished via
look-up tables following photometric calibration. Display format
was 1024 (w)  768 (h) pixels. Viewing distance was 57 cm result-
ing in a stimulus ﬁeld that was 40 in width and 30 in height. Indi-
vidual pixels measured 0.039  0.039. Mean display luminance
was 53 cd/m2.
In order to study the properties of induction as a function of the
distance from the test/inducing ﬁeld edge, a narrow probe version
of the quadrature phase motion cancellation technique (Blakeslee
& McCourt, 2011) as well as a static point-by-point matching tech-
nique (Blakeslee & McCourt, 1997, 1999; McCourt, 1994) were
used to measure the magnitude of grating induction. The quadra-
ture procedures differed from earlier studies only in that the added
luminance (quadrature) grating was restricted to a narrow strip
that occupied only a small vertical extent (0.2) of the test ﬁeld.
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a function of its position within the test ﬁeld (Fig. 1).
In the quadrature-phase motion cancellation technique a count-
erphasing inducing grating (standing wave) (Fig. 2a and b (black
line)) produces a nearly instantaneous phase-reversed counterph-
asing induced grating (standing wave) (Fig. 2a and b (red line)) in
the homogeneous test ﬁeld of a grating induction display
(Blakeslee & McCourt, 1997, 2008; McCourt, 1982, 1994). A count-
erphasing quadrature grating (standing wave in 90 spatial and
temporal phase relative to the induced grating) (Fig. 2c–e (green
line)) sums with the induced grating (standing wave) (Fig. 2c–e
(red line)) to produce a rightward drifting induced + quadrature
grating compound (traveling wave) (Fig. 2c–e (yellow line)) to
which the visual system is extremely sensitive (Blakeslee &
McCourt, 2008). In order to measure the magnitude of induction
the temporal phase of the quadrature grating is held constant at
90 phase relative to the induced grating. A second luminance
grating is added to the test ﬁeld. This second ‘‘canceling’’ grating
(Fig. 2f and h (blue line)) possesses the same spatial and temporal
frequency as the induced grating, but is 180 out of spatial phase
with it. The canceling grating is added to the test ﬁeld at a number
of contrast levels, using the method of constant stimuli. When
canceling grating contrast is less than induced grating contrast
(i.e., when the induced grating is under-canceled) the compound
grating possesses the spatial and temporal phase of the induced
grating. It therefore combines with the quadrature grating to
produce a rightward moving traveling wave just as in the case
where no canceling grating is present (Fig. 2c–e (yellow line)).
When canceling grating contrast exceeds induced grating contrast
(i.e., when the induced grating is over-canceled) the compound
grating possesses the spatial and temporal phase of the canceling
grating (Fig. 2h (purple line)). This compound combines with the
quadrature grating to produce a leftward moving traveling wave
(Fig. 2i–k (white line)). When canceling grating contrast equals
induced grating contrast the sum is zero (i.e., the induced grating
is nulled) (Fig. 2f and g (purple line)). The motion energy of the
counterphasing quadrature grating which remains is left/right
balanced (i.e., a standing wave) (Fig. 2g (green/black lines)) yield-
ing a 50:50 proportion of left/right motion judgments in a
forced-choice motion direction discrimination task.
In preliminary measurements we determined that motion sig-
nals in grating compounds remained strong even for large mis-
matches of quadrature and induced grating contrast. Quadrature
grating contrast was therefore held at 0.50 for the 1500 ms inspec-
tion interval rather than ramped between 0 and 0.50 as in previous
experiments (Blakeslee & McCourt, 2008, 2011).2.1. Quadrature motion magnitude experiments
Inducing grating spatial frequency was 0.025 c/d (1 cycle/
screen). Inducing gratings were counterphased at 4 Hz for a 3 test
ﬁeld height condition and at 1 Hz for a 3 and a 9 height condition.
The psychophysical task was a forced-choice ‘‘left’’ versus ‘‘right’’
motion judgment of the induced + quadrature probe grating + can-
celing grating compound in the test ﬁeld. The contrast of the can-
celing grating, which ﬁlled the test ﬁeld, was varied from 15% to
100%, where negative contrast signiﬁes a spatial phase reversal of
the canceling grating such that it augments rather than cancels the
induced grating. Canceling grating contrast was constant over the
1500 ms duration of stimulus presentation. Separate blocks of tri-
als were run for the various combinations of temporal frequency
and test ﬁeld height (4 Hz, 3; 1 Hz, 3; 1 Hz, 9). Each block pre-
sented 10–15 levels of canceling contrast (randomly interleaved)
for each combination of temporal frequency and test ﬁeld height.
Subjects completed between 10 and 20 blocks per condition.2.2. Point-by-point matching experiments
Induction magnitude was also measured using a static point-
by-point matching technique. The inducing stimulus was modiﬁed
from that in the quadrature-phase motion cancellation experiment
in that it was restricted to the left three quarters of the display
(30). Spatial frequency was increased to 0.033 c/d such that
the inducing grating still consisted of one full cycle. The right
1=4 (10) of the display contained a homogenous ﬁeld (set to the
mean luminance) and a small rectangular matching patch (0.3
h  0.7 w) on a checkerboard background (0.9 h  1.35 w).
Check contrast was 0.30 and check size was 0.15  0.15. The
vertical position of the matching patch and checkerboard varied
from trial to trial and cued the subject as to which part of the test
ﬁeld was to be matched. The horizontal location to be matched was
constant and cued by a low contrast pointer. Observers were
instructed to adjust the matching patch to match the brightness
of the test ﬁeld at the corresponding vertical location. To avoid
any confusion observers were speciﬁcally told that brightness
matching required them to ‘‘adjust the matching patch to match
the intensity or amount of light coming from the indicated test
patch area ignoring, as much as possible, other areas of the dis-
play’’. Observers made 10–15 matches per location for each of
three test ﬁeld heights (3, 6, and 9). Matches were obtained
for both the maximum and minimum phases of the inducing
grating. On each matching trial the initial luminance of the
matching patch was randomized. Observers controlled subsequent
increments or decrements in matching patch luminance via button
presses. Each button press caused a luminance change of 1%
relative to the maximum luminance (107 cd/m2).3. Results
3.1. Quadrature motion magnitude experiments
Psychometric data were ﬁtted with a two-parameter (midpoint
and slope) cumulative-normal function using a maximum-likeli-
hood criterion. The ﬁtted midpoint parameter corresponds to the
contrast of the canceling grating yielding 50% ‘‘right’’ motion re-
sponses and was taken as a measure of grating induction magni-
tude. Fig. 3 shows an example of ﬁtted psychometric data for one
observer. Induction magnitude results from four observers appear
in Fig. 4, which plots canceling contrast as a function of probe po-
sition. The symbols in Fig. 4a plot the results from the individual
observers (indicated by color) for the 4 Hz, 3 test ﬁeld height
(ﬁlled circles); 1 Hz, 3 test ﬁeld height (ﬁlled squares) and 1 Hz,
9 test ﬁeld height (open squares) conditions. The symbols in
Fig. 4b plot the means and 95% conﬁdence intervals for these four
observers for the same conditions: 4 Hz, test ﬁeld 3 (ﬁlled circles);
1 Hz, test ﬁeld 3 (ﬁlled squares); 1 Hz, test ﬁeld 9 (open squares).
The individual and mean data clearly indicate that the magnitude
of induction decreases with increasing distance from the inducing
ﬁeld edge for both 3 and 9 test ﬁeld heights. For both test ﬁeld
heights, mean canceling contrast similarly decreased from a value
of 0.35 at the inducing edge to an asymptotic value of approxi-
mately 0.07 over a distance of 1.5. These results are inconsistent
with a ﬁlling-in mechanism that predicts, given sufﬁcient time, a
brightness/lightness percept of homogeneous magnitude through-
out the test ﬁeld. The results are, however, consistent with multi-
scale ﬁltering by a ﬁnite set of ﬁlters such as that proposed by
Blakeslee and McCourt (1999). This model has been described in
detail elsewhere (Blakeslee & McCourt, 1999, 2004). The best ﬁt
predictions of the ODOG model for the 3 and 9 conditions are
indicated in Fig. 4 by the solid red and black lines respectively.
The model predictions are a good ﬁt to the data. Overall the model
(a) (b)
(c) (d) (e)
(f) (g) (h)
(i) (j) (k)
Fig. 2. In the quadrature-phase motion technique a counterphasing inducing grating (standing wave) [a and b (black line)] produces a nearly instantaneous phase-reversed
counterphasing induced grating (standing wave) [a and b (red line)] in the homogeneous test ﬁeld of a grating induction display. A counterphasing quadrature grating
(standing wave in 90 spatial and temporal phase relative to the induced grating) [c–e (green line)] sums with the induced grating (standing wave) [c–e (red line)] to produce
a rightward drifting induced-plus-quadrature grating compound (traveling wave) [c–e (yellow line)] to which the visual system is extremely sensitive. The temporal phase of
the quadrature grating can be varied to measure the phase (time) lag of induction. To measure the magnitude of induction the temporal phase of the quadrature grating is
held constant at 90 phase relative to the induced grating, and a second luminance grating is added to the test ﬁeld. This second ‘‘canceling’’ grating [f and h (blue line)]
possesses the same spatial and temporal frequency as the induced grating, but is 180 out of spatial phase with it. The canceling grating is added to the test ﬁeld at a number
of contrast levels, using the method of constant stimuli. When canceling grating contrast is less than induced grating contrast (i.e., when the induced grating is under-
canceled) the compound grating possesses the spatial and temporal phase of the induced grating. It therefore combines with the quadrature grating to produce a rightward
moving traveling wave just as in the case where no canceling grating is present [c–e (yellow line)]. When canceling grating contrast exceeds induced grating contrast (i.e.,
when the induced grating is over-canceled) the compound grating now possesses the spatial and temporal phase of the canceling grating [h (purple line)]. This compound
combines with the quadrature grating to produce a leftward moving traveling wave [i–k (white line)]. When canceling grating contrast equals induced grating contrast the
sum is zero (i.e., the induced grating is nulled) [f and g (purple line)]. The motion energy of the counterphasing quadrature grating which remains is left/right balanced (i.e., a
standing wave) [g (green/black lines)] yielding a 50:50 proportion of left/right motion judgments in a forced-choice motion direction discrimination task.
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Fig. 3. Example psychometric functions from two probe locations (open symbols,
1.43 from the test ﬁeld edge; ﬁlled symbols, 0.20 from the test ﬁeld edge) are
shown for one observer (BXB) in the quadrature-phase motion cancellation
experiment. The 0.025 c/d inducing grating was counterphased at 1 Hz and test
ﬁeld height was 3.
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Fig. 4. Canceling contrast plotted as a function of distance from the inducing ﬁeld
edge measured using the quadrature-phase motion cancellation technique. The
symbols in panel (a) plot the results from the four individual observers (indicated
by color) for the 4 Hz, 3 test ﬁeld height (ﬁlled circles); 1 Hz, 3 test ﬁeld height
(ﬁlled squares) and 1 Hz, 9 test ﬁeld height (open squares) conditions. The symbols
in panel (b) plot the means and 95% conﬁdence intervals for these four observers for
the same conditions: 4 Hz, test ﬁeld 3 (ﬁlled circles); 1 Hz, test ﬁeld 3 (ﬁlled
squares); 1 Hz, test ﬁeld 9 (open squares). The individual and mean data clearly
indicate that the magnitude of induction decreases with increasing distance from
the test/inducing ﬁeld edge for both 3 and 9 test ﬁeld heights. The best ﬁt
predictions of the ODOG model (Blakeslee & McCourt, 1999) for the 3 and 9
conditions are indicated by the red and black lines, respectively, in both panels and
account for 95% of the overall variance.
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Fig. 5. Matching luminance as a function of distance from the inducing ﬁeld edge is
plotted separately for ﬁve observers (indicated by symbol shape) in panel (a).
Matches were obtained for test ﬁeld heights of 3 (black symbols), 6 (green
symbols) and 9 (red symbols) at both the maximum (ﬁlled symbols) and minimum
(open symbols) inducing grating phase. All subjects show a decrease in the
magnitude of induction as a function of the distance from the inducing ﬁeld edge,
despite individual differences in overall induction magnitude. In panel (b) the
minimum inducing grating phase data are collapsed across observers and plotted as
means along with the linear best ﬁt predictions of the ODOGmodel for the 3 and 9
conditions. The model predictions are a good ﬁt to the data accounting for 95% of
the overall variance in the mean magnitude of induction found with distance from
the inducing ﬁeld edge.
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induction found with distance from the inducing ﬁeld edge.
3.2. Matching magnitude experiments
For each of six observers, Fig. 5a plots matching luminance for
test ﬁeld heights of 3 (black symbols), 6 (green symbols) and 9
(red symbols) as a function of distance from the inducing ﬁeld
edge. Matches were obtained for both the maximum (ﬁlled sym-
bols) and minimum (open symbols) inducing grating phase. Indi-
vidual observers are indicated by symbol shape. Despite
individual differences in absolute induction magnitude, all subjects
show a decrease in induction strength with increasing distance
from the inducing ﬁeld edge. In Fig. 5b the minimum inducing
grating phase data are collapsed across observers and plotted as
means along with the linear best ﬁt predictions of the ODOGmodel
for the 3 and 9 conditions. The model predictions are a good ﬁt to
the data accounting for 95% of the overall variance in the mean
magnitude of induction found with distance from the inducing
ﬁeld edge.4. Discussion
A decrease in the magnitude of induction with distance from
the inducing edge was found in the present experiments using
44 B. Blakeslee, M.E. McCourt / Vision Research 78 (2013) 39–45both a quadrature phase motion cancellation technique as well as a
point-by-point static matching technique. These results comple-
ment prior point-by-point brightness matching data for grating
induction, simultaneous contrast, and White stimuli that revealed
the horizontal (as opposed to the vertical) induced structure in the
test ﬁelds of these stimuli (Blakeslee & McCourt, 1997, 1999). In
addition, the results conﬁrm recent behavioral and fMRI evidence
(Pereverzeva & Murray, 2008) that the magnitude of induction de-
clines with distance from the inducing ﬁeld edge of static central
disks in which the disk surround was modulated at 1 Hz. The in-
duced structure observed in all of these studies argues strongly
against homogeneous ﬁlling-in mechanisms as well as against
any mechanism, including most of the non-ﬁlter based mecha-
nisms discussed in the Introduction, that posit that induction is
homogeneous. The structured induction, however, is well ac-
counted for by the ODOG model of Blakeslee and McCourt (1999)
and supports any models of brightness/lightness that preserve
these gradients of induction.
The arguments against a homogeneous ﬁlling-in mechanism are
also consistent with and supported by earlier ﬁndings for grating
induction stimuli obtained with the quadrature phase motion
technique using full-ﬁeld probes (Blakeslee & McCourt, 2008). Bla-
keslee and McCourt (2008) found that the temporal response of in-
duced brightness differed from that of a real luminance grating by
a very small temporal phase (<0.016 cycle) or time (<1 ms) lag, and
remained constant across wide variations of temporal frequency
(2–24 Hz) and test ﬁeld height (0.5–9). The ﬁndings that the phase
(time) lag of induction did not vary with test ﬁeld height and that
induction was present even at 24 Hz, argued against a slow ﬁlling-
in explanation for brightness induction in grating induction stim-
uli. This conclusion has been further supported by investigations
of induction magnitude in simultaneous contrast stimuli using
very brief stimulus presentations (Kaneko & Murakami, 2012; Rob-
inson & de Sa, 2008). Unlike earlier studies of simultaneous con-
trast indicating that induction was a slow process with a cut-off
frequency between 2.5 and 5 Hz (DeValois et al., 1986; Rossi &
Paradiso, 1996), these studies found that brightness induction
was strongest at short presentation durations and declined in mag-
nitude with increasing duration. The shortest presentation interval
was 58 ms in the Robinson and de Sa (2008) study and 10 ms in the
investigation by Kaneko and Murakami (2012). These results are
inconsistent with the idea that brightness induction depends on
a slow ﬁlling-in process; however, as noted by Robinson and de
Sa (2008) they do not rule out a fast ﬁlling-in mechanism (Koma-
tsu, 2006). The vertical spatial structure measured in the test ﬁelds
of grating induction stimuli in the present study, and the horizon-
tal structure measured in grating induction, simultaneous contrast,
and White stimuli in previous studies (Blakeslee & McCourt, 1997,
1999), however, argue against homogenous ﬁlling-in at any speed
as the mechanism responsible for these induced effects.
In the face of this evidence one might reasonably ask why it is
so often the case that induction is assumed to be homogeneous.
Interestingly, Heinemann (1972) addressed this same question
with regard to the brightness variations that occur in physically
uniform ﬁelds. He suggested that ‘‘subjects can use different crite-
ria when assessing the brightness of an extended ﬁeld. For, exam-
ple, they may base their judgment on the brightness at the edges,
or at the center, or on the average brightness in the ﬁeld.’’ To illus-
trate this point Heinemann (1972) cited a study by Davidson
(1968) in which subjects were brieﬂy presented a strip of uniform
luminance somewhat greater than the luminance of the back-
ground. When asked, the subjects reported that the strip was uni-
form in brightness. When this same strip was presented as one of a
series of patterns and subjects were asked to indicate whether the
center or the edge of each strip was darker, however, the center of
the uniform strip was always reported to be darker. In other words,the criterion for what an observer reports as homogeneous can be
inﬂuenced by the question posed or the task given. By this reason-
ing the grating induction stimulus conﬁguration is a very effective
one for revealing structured induction, at least in the horizontal
direction, as is, for example, the Chevreul illusion discussed earlier.
The brightness gradients in the vertical direction of the grating
induction stimulus and in other induction stimuli such as the
White effect or the classical simultaneous contrast effect are, how-
ever, more subtle resulting in their description as homogeneous or
structured depending on the question or task.Acknowledgments
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